INTRODUCTION
Our knowledge on the molecular transport of copper in biochemical systems is very limited . The essential role of this biologically important transition metal demands a subtle regulation of cellular copper content. Transport of free Cu2+ ions must be discarded, as there would be many undesired reactions that would lead to the irreversible destruction of cellular components.
Cu(I)-thionein has been discussed as a promising candidate in the homoeostasis of copper metabolism Schechinger et al., 1986; Weser et al., 1986) . Unfortunately, we do not know how the Cu(I)-thiolate bonding is cleaved in the metalbinding centre of this ubiquitous cysteine-rich protein. Several possible ways have been proposed . There is a controlled Cu(I) channelling into the vacant copper-binding sites of apo-Cu-proteins Hartmann et al., 1983) . Protein digestion proved successful only after prior destruction of the Cu-thiolate cluster . Numerous studies have been made ofpossible oxidation mechanisms induced by activated leucocytes (Hartmann et al., 1985 (Hartmann et al., , 1987 Schechinger et al., 1986) , H202 and enzymes generating activated oxygen species .
A promising field for investigation was the possibility that prior alkylation of the holoprotein would lead to a successful release of copper. We were encouraged by the alkylation studies performed by Bernhard et al. (1986) on vertebrate CdZn-thionein and the special situation of the Cu-S bonding in Cu(I)-thionein (Sokolowski et al., 1974; Rupp & Weser, 1975 Furthermore, e.p.r. measurements were used to demonstrate directly the appearance of Cu(II) after the possible destruction of this Cu-thiolate chromophore. The release of a proportion of the copper was monitored by equilibrium dialysis.
MATERIALS AND METHODS

Chemicals
lodoacetamide was obtained through Serva, Heidelberg, Germany. Methyl methanesulphonate was from Aldrich, Steinheim, Germany. Cu(I)-thionein was isolated from baker's yeast (Weser et al., 1977; Winge et al., 1985; Weser & Hartmann, 1988) . All other reagents were of analytical-grade quality. Alkylation S-Alkylation of Cu-thionein was carried out at pH 8 for 4 h in 50 mM-Tris/HCl or 50 mM-sodium phosphate buffer. Usually the temperature was 40 'C. The reaction with iodoacetamide was performed in the dark (Carne et al., 1979; Hirs, 1967) . Alternatively methyl methanesulphonate was used (Eyem et al., 1976; Segerback et al., 1978 . It was expected that the native protein would be successfully alkylated because the charge at the sulphur site was close to the charge of sulphur found in the amino acid cysteine. According to X-ray photoelectron spectrometric measurements the binding energy value of the unresolved S2p (2, 32) level of protonated cysteine sulphur lies at 163 eV (Sokolowski et al., 1974; Rupp & Weser, 1975 (Fig. 1) . This reaction also proceeded under anaerobic conditions.
In the alkylation process stretching of the Cu-S bondin.g should eventually lead to the, cleavage of this (Fig. 3) . There was no detectable difference in the rate of copper release when the alkylation experiments were performed in phosphate or Tris buffer solutions. In the course of the equilibrium dialysis a considerable proportion of released thiolate copper was expected to be trapped by non-specific chelation to the many other peptide bondings of the S-alkylated protein. An approach to detect the decomposition of the Cu-thiolate clusters, both directly and comprehensively, was the recording of the characteristic Cotton extrema in the c.d. spectrum between 300 and 400 nm. In this wavelength region no perturbations originating from the alkylation reagents were noticed. After the addition of iodoacetamide a progressive decline of the Cotton bands was seen (Fig. 4) .
Methyl methanesulphonate reacted in the same way, leading to the complete disappearance of the 328 and 359 nm Cotton extrema (Fig. 5) . The linear mode of decay should be emphasized. There was no detectable sign of labile intermediates and/or co-operativity (see insets of Figs. 4 and 5) . This is consistent with the pseudo-first-order kinetics observed in the oxidative destruction of Cu-thionein (Richter & Weser, 1988) . As in the equilibrium-dialysis experiments, there was a temperature-dependence. At 37°C and above the alkylation was complete after 8 h (Fig. 6) . (Schechinger et al., 1986) , copper release from Cu-thionein after alkylation is successful under anaerobic conditions. This pathway would conveniently furnish with copper many vital apoCu-proteins that are present in these cellular compartments known to be deficient in oxidizing components. Further digestion of the remaining alkylated protein will proceed in exactly the same manner as for non-alkylated proteins (Katznelson & Kulka, 1983) . The present alkylation of the holoprotein adds another possibility to the facilitation of proteolysis of the normally resistant metal-thiolate clusters ofmetallothioneins. Protein digestion was previously only known after oxidative cleavage of the copper-binding centres (Winge & Miklossy, 1982; Bremner & Mehra, 1983; Mehra & Bremner, 1985; Weser et al., 1986) . However, we are still far away from discovering the detailed molecular mechanism of copper transport.
